pebble approximately 1.5 em in diameter has been studied in detail. It consists largely of fluocerite (and its alteration products) and a small amount of monazite with a dark rusty brown limonitic vein along one side. The fluocerite occurs as prismatic crystals up to 5 mm in length with widespread alteration along cracks and the basal cleavage. It is colourless to very pale yellow, uniaxial negative with low birefringence and refractive indices OJ= 1.613,/; = 1.609, both :to.002 (Horne and Harrison, 1961) .
The nature of the alteration of the fluocerite varies from point to point. Along the basal cleavage, fine cracks, and in some small patches, it is altered to a fine-grained (c. 1 flm) aggregate of a light yellowish-brown mineral with high birefringence, identified as bastnasite. The fluocerite and bastnasite are both cut by wider veins of a dark reddish-brown material that is composed of aggregates of mostly submicron crystals, which also appear brown in cross-polarized light with no discernible extinction or birefringence. These darkbrown aggregates were shown to be bastnasite-(La) and cerianite with rare tho rite.
Monazite occurs adjacent to the fluocerite and is pale yellow and traversed by numerous cracks and patches of dark-brown alteration products. The limonite vein is composed largely of goethite and quartz, an alumino-silicate, probably kaolinite and rare cassiterite.
Mineral compositions
Mineral compositions were determined using a Link Systems energy-dispersive X-ray analyser on a Geoscan electron microprobe. The techniques used are described in detail in the appendix.
Fluocerite. Six fluocerite. grains were analysed; they are unzoned and show only slight variation from grain to grain. The average composition is given in Table I (Leedly chrondite, Masuda et al., 1973) is given in fig. 1 which shows the strong enrichment in LRE. Early analyses offluocerite did not give determinations of individual RE; however, if the analysis given here is recalculated on the same basis it gives a similar composition with the ratio of Ce-group (Ce + Th) to La-group (La + Pr + Nd) approximately 4: 3, (see Palache et al., 1951, p. 49) . A compilation of more recent analyses of fluocerite with individual RE determined is given in Table II composition most enriched in LRE (co!. 10) actually contains more La than Ceo Monazite. The analysed monazite grains show a slight variation from grain to grain and slight zoning to more Ce-rich rims. An average analysis is given in Table III co!. 1, which shows that it has a similar RE content to the fluocerite but is relatively depleted in La ( fig. 1 ). It also has a much lower Th content, 1.13 %compared with 3.84 % in fluocerite.
The textural relations suggest that the monazite and fluocerite are primary minerals and these differences in RE and Th represent the differing chemical affinities of the two minerals.
Bastniisite. The light yellowish-brown bastniisite shows only a slight variation from point to point on the thin-section and an average composition is given in Table III , co!. 3. (These analyses represent aggregates of several grains as the grain size is smaller than the electron beam.) The RE distribution is very similar to that of fluocerite ( fig. 1 ) although the total RE content is lower due to the presence of C02' Th was not detected ( < 0.4 %) and contrasts with 4 % in fluocerite. Fleischer (1978) showed that bastniisites from different geological environments tend to show different compositions, and those described here with high La and low Nd are most like the group from alkaline rocks.
Dark-brown alteration products. Analyses of the dark-brown alteration products show a wide range of compositions varying from Ce-rich to La-rich (Table IV) . The grain size is generally much smaller than the electron beam and in consequence a mixture of several mineral grains have been analysed. However, two analyses of single minerals were obtained, first of a dark-brown Ce-free bastniisite-(La) (Table III, co!. 5) and secondly of a tho rite. The analyses of these mineral aggregates are plotted on a diagram of Ce us. La ( fig. 2 ) which shows that they lie on a mixing line between an La-rich phase of approximately the same composition as the analysed bastniisite-(La) and aCe-rich phase containing approximately 65 % Ceo The mineral cerianite (CeOz) was detected on the X-ray diffractometer charts. Hit is assumed that all the La is in the bastniisite-(La) the composition of the Ce-rich phase can be calculated. fig. 3) shows that, apart from two which have much higher Th, the analyses lie along a straight line. In addition, the two anomalous analyses contain high Si (Table IV , col. 5) and also lie away from the line on the Ce vs. La diagram. These results suggest that most analyses contain a Ce-rich phase with a Ce :Th ratio of approximately 8 : 1 and that two analyses also contain thorite. A calculated composition of the Ce-rich phase, cerianite, is given in Table IV, col. 6. This is only intended as an approximation as there are several possible sources of error in the calculation including: errors in the matrix correction of the microprobe data since the detected X-rays are produced by several different phases rather than one homogeneous phase as assumed by the matrix correction program; and variation in the composition of the minerals in the aggregates, e.g. the variation in Ca shows that the La-rich aggregates have insufficient Ca to form bastniisite-(La) of the analysed composition, whilst in contrast, the Ce-rich aggregates have excess Ca, suggesting either that Ca enters the cerianite (Ca 1.0 %) or that a small amount of a Ca mineral is also present.
The survey ofbastniisite compositions (Fleischer, 1978) does not give Ce-free compositions and it is thought that this is the first reported occurrence of naturally occurring bastniisite-(La), with a composition close to the end member.
X-ray data
The d-spacings for fluocerite, bastniisite, and cerianite were determined from diffractometer charts taken with a Cu-KG( radiation at room temperature (around 20°C) and a scanning speed of 1/8°28/min. Lead nitrate (a = 7.8558 A at around 20 DC)was used as an internal standard). The powder data were provisionally indexed by comparison with published data (JCPDS Data Cards 2-529, 4-593 and 11-340) and the fluocerite and bastniisite data were refined using the US Naval Laboratory least squares program for refining cell parameters.
The fluocerite has cell dimensions a = 7.130+ 0.001, c = 7.2985:t 0.001 A, space group P63/mc;, and its density corresponding to these cell dimensions and the unit-cell contents (Table I ) is 6.12 g cm-3. The powder data are listed in Table V . The bastniisite was heavily contaminated with fluocerite and cerianite and it was not possible to obtain very accurate powder data since the peaks were weak and several coincided with cerianite or fluocerite peaks, but the data obtained closely match those for bastniisite from Mountain Pass, California (Glass et al., 1958) , and give cell dimensions a = 7.131 :to.002, c = 9.786:t0.004A. The intensities are relative peak heights.
T ABLE IV. Electron microprobe analyses of dark brown alteration products
The cerianite peaks were broad, indicating a variable composition. The cerianite has a mean cell dimension a = 5.460:t 0.005 A.
Discussion
The fluocerite-monazite pebbles show that the alteration of fluocerite takes place by two distinct processes. The first is carbonation to form the fluorocarbonate bastniisite as is described from most of the reported occurrences of fluocerite. This involves very little mobilization of the RE as is shown by the very similar RE distribution patterns and the Ce-La diagram ( fig. 1 and 2 ). In this particular instance the Th in the fluocerite is not incorporated in the bastniisite and presumably forms a separate Th phase, possibly tho rite or thorianite (ThOz)' A simplified chemical reaction is 
The cerianites have approximately the same CejTh ratio as the fluocerite ( fig. 3 ) perhaps indicating that the first reaction is more common as it does not require a separate Th phase' to be recombined in exactly the same proportions which precludes mobility of chemical components during alteration.
Further evidence that Ce and La can behave differently during alteration is shown by the analyses given by Chistyakova and Kazakova (1969) , Table II , cols. 9 and 10, where there is a marked change in the CejLa ratio from 0.78 in the fresh sample to 2.75 in the altered sample. The Ce-rich altered sample is similar in composition to some of the cerianite-rich dark-brown alteration products described in this paper. in attempts to trace the source and history of the specimens. We are indebted to Mr J. E. Rouse for making available the computer program for the refinement of the X-ray data and to Mr D. J. Bland for processing the data. We are especially grateful to Dr Michael Fleisher for his helpful review and for bringing to our attention many of the analyses given in Table II . This paper is published by permission of the Director, Institute of Geological Sciences (NERC).
